* 
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^in air airichedwrcb 10% CO* There 
speaes can grow in M J I r?™j bove 8.5. Chemoorga- 

notropU artiw^ ISSctnd krtk adds in the 

molar ratio of 3CH " ™ cWaae negame 
propionic adds a* not F^J, ^TSded CO- 

Type species: 



(Ai) 
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ITU. 



* :«t* small coed. Gram ooskthrc but J^ 

Strict aerobe* "^^^^L holism 
purp^ P'^S^^ST^oW from 
respiratory. Unl !?fJ^ a ^r C^dase positive, g*k- 

Type species: Brtvilmctnium Uncru. 
Sec Table 20.6. 

included in B^K?* "^rSSa 20& Additional species 
tb« have been p^nysw*^ Me ^ induded 

3*45-48. 1988) for ^^^^ Stive pat- 
fa jj^lkr to Brtvihacuru^ but ^* * 
Sau of lipids and menaquirmnes and the apiuty 
fly glucose in peptone media. 



2£*?=S£ -d metabohc stud«. 



Got* Bra*M»cteriiiJn 



Hm, are i?*^^,™^?^^^ inn coca in oM. 

V formation,, and "^"ST- _ -oahive, £onmorilc . giy or m hTir cell wall is Ol tpe v.nuu- 

« tal ^^ e ^ , A^n3o^ white or Stata Gtan^K^e. b« A*^ ^ ^ of 

nonspoiing, not aad-fct. Aeromc, ^ ^ dye CeUs are »w 7 vibratory. 

JeydW- Cbeinootganotro^^^ 1 ^ bipolar flagelta ^cnlmre are motile. 

S^^^^ir^S^^ tho^ ffijSlKr below 30* C; there 

hydrates- Caalaae ^^STii 25-30°C Strictly w^fer <£3ra\im 37»Q. Chemoorgano- 

Sducc nix^rc The optimum temperature ^- « no grow* it 50^^umnn^ ^ fa ^ ^ 

" " bsrtysate « * ^ Cv. a*. absence of carbohy- 
X There tab* P^^ 0 ^l^ccharides 



Type (and only) spedes? £r 



% . 

j *^«^forrnation$. Branching may *^.»j"J* See Table 20.7- 



4 
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ir^C. These baccer* are ^°c*xc 

dunfr . -^ifeewwKBtdOa! See 

Differentiation oj 

Sec Table 19.4. - *- 



, . J— i^Js, 0.2-0-4 X 
Straight or dig^y "^^fona long filaments, 

Tfew other carbohydrates. on 

gor mammals and birds. 
Type species: J^***^*" 

a iLond species of the genu* «n» r BactenoL 

5 166-168, ^'.tSXoS-DNA bonu^y- 
from £ SJ £ one aerov*, .»« 7, 

, , j m<Ls with rounded ends in 
Regular, unbrenched *J* occur In. long 
STcuimres, are usually «am- 



1.0-10-0 ^J^S^Sonfy in short- to 
dmes ^ almost ^^f^H ^ are rarely motile by 
Gram-positive "FGSff 

pedtriiousnageUa. """"T^ ^ but better under 
SUerophnic. 6^^* aruetobes on *ofe> 
w ^ W by 5% OO, Co£ 

uon. Gicwm isj f"^Xi-5 mm. eonvez. enure. 

^ ,wldu> yi medial then iMtabo- 

S cells «^tr^oS^ atl^lrf 
Usm is fen^T^I^^UcttttTN'rtrates are not 
eod^wdttet cells «e«rta- 

^EHS Scenic: The optimum 
rtoi^iain bar aC ^^UcwbadlH ate widely 
"££n tempsratuie is 30-W ^J*^ m animal and 
SbUd in the ^^^^Sy mbabit the gas- 



chains, uiocr vJJU ceL ait usually 

JSofo>xo»:^ tL do not form 

j »« and are noi 



'motile by P^^^^fest. Cells are s^ag 
endospores and . tw ■* **JJ£ agv show* s.naoid 
13c. Growth «T-«™25 rods at the 

X^^^P^i^S^, «d on nutrient 



Typespecie* UcHlwtoddbruid*- 

. t^,. nmus Lactobacillus! 
DIM**** of the fP^Jf^J^. v» Identify the 
5&g«« ^^oSteS and dependent on 

cooditions* 

, niU) 5 X 0=5-2 nm vdth rounded 
Regular, short rote °^££2. cCCB tring 

"""f^ StsTXn in long fila»££ 
or in short f^^^joring, not add-fo* 

^ fW ^iff ^aTSo^ by a few 
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infective processes. 

Type (and only) **** Arackrtia propionic* 

.. ^cia; M described for the genus. 

Characteristics of** *»»* B ~ 

G^aj Arcanobacterium 

add-fast, ™d«mt "^oics. b «* hot* 

bW agar, pvmg ^^Sa&o^ ^ 2 
days at 37 vrow™. » . ■ nua irionally neb 
medio, l^»*SSWw-^ 

nitrite The pP^^^r^Tfhumons and farm 
lesions* 

Type (and only) species. 



of A*, .W and ^^^fS^pSJe 
tures consist almost catudy of«<X,. ^ 

but easily decolomed. Tb* l^bic/S^mo^ 

with an o^f**?^ X=ose ^ or her carboby- 
883 ?££?J£. opS- grow* 

SSttmcM. principally m soils. 



Type species Arthrobacter gbbifirmis. 

The differentiation of sp«i« «_ am ^ 
are still poorly studied and comparative a* 



Genus Auxeobacterium 




is uncorimons no nsycewun ** r mcdes ate 

* C^-rT'AeSL 'Colons 
motile. Nonsponnt net ^ ^ pigment is 

are pitted ^ ^Sre 

ally rich media, Me £°™T l cos f: otiter earbohy- 

drat- Tta C KTT0eSr^ stophores such as 
lue poahive. Some species "S 1 ^^ v c oun d in sod 
W (found » ^^4^ distributed 
Middairy piodacw bur are probably wioer/ 
ia the environment. 

Type species; AurvbacHriu™ Uqu&ci** 

- v- «f <fe specie A»Mobacter- 
inm, Sas Table 20.5. 



cu. **rte- As described for the genus. 



Gjhm Bifidobacterium 



+ 



'tflrUc^q. inft»<fa«*°n and h^orical p^pective 621 



mat z- i • >es play a role in acne vulgaris. The 
meehanL _ ^ antimone resistance has not yet been 
determined but does not appear to reflect ^ acqui- 
sition of genes from other organisms. Nevertheless, 
exythromydn resistance is phenotypcOIy mdw- 
tmmrishable from that of the majority of bacteria 
where resistance is due to methylanon of the 285 
ribosomal RNA since most resistant P. wnaiare mduo- 
b»y at constiwtrvely resistant to maoolide, hnensam- 
ide and streptogramhv B antibiotics (Eady. et ai. 

1989a, 1989b). • t , 

Prior to topical therapy, only a few per omt of 
strains were reported resistant to «ytfaroiiiycinor 
tetracycline though most were resistant to aronogjy- 
ooaides and fosidic acid (HOffler, Niederau and Puh* 
erer 1980); all were sensitive to penicillins and 
cephalosporins. 




P. eiamda*** is also &uud » me Sebaorws gtei^^d on 
*JZm*n skin surfice but general* 

lower than those pf A «w. Colonies ouhp^nUm- 
tag dX are larger than those of P. r after 
Z 3 days aruunWaUy and are generally fo- 
mented. P. gmnul^m is not susceptible » P. «W* pto«c. 
b dW^suW ealadnase- and casein hydrola««Bgative, 
tadTanTnitrate^TThe DNA of P, ^ 
o^y*o« 12^15% homology with that of * ««« or 

of d^ddn^d deeper tissue and Is oecadonatty recognbed 
£m SSofmni*. pathogen such * in 
J^o^pronused host granger. Bruneau and CouUet 

^oldies of P. p****™ or P. aaUhm as 
«rs (Hdf and Puherer 1987) are «^ ucent r ,^ l **^ 
•C9rwta£t»ium j^W, ^ cwwuerdany ava.Tat.Ie product 
.S^oXg^dTbe a mixture of ^ *g£~<- 
spp. found on human skin (C-utjuid. and J<*™"» 
The effects oft were varied and ^^*«"* e 

e^erimmtal conditions (Mika and Jfcotr. 1978, ^1W5); 
^TnTdoubt a reflecdon of the effect ol propjonitecter- 
Uim cell wall on the complement syctem. 



P. «^ssteo^adyfiv^dont^^»«M «* 

the anHae, and is very much less common on UpiArah 
^(SeXm WW) but. lite fte M J£> 

ies, is most common on postpuberal wdivrtuals. Ate 
Aerobic incubation for 8 days, colonies are larger than 
those of P. ocn« and «cr generally - lot ^^ .^f™? 
is not susceptible to P. oaas phage, « ^f^f*^? 
daase- and casein hydrolase^** indole- ^ d ^™£ 
negate * i"^^ l«s fesdrhous In «r.tao «f«J«^ 
mSm man the other 4 spedes Jerguson and Q*nndn» 
1678). hut shows ahout 50% homotofty SL^iStt 
sequences with P. acne, (Charfreitag and ^^^^^ 
A, with ihe other skin species, P. <n*hmb occasloaaJy 
reported from deep lesions such as splenic wscess (Dunne 
et aL I98S). 



rPROPIONTCDS, 

P. wMwms formerly assigned to the genus 

SJefi? because branched badlli may he seen. It was then 

SnXred to the genus A«dW» and from there tc .££■«•- 

SE IcbUeW Collin, and S ta ^^ £88)cn 

fce bans of sequence homology of ribo^mal RNA- 

nuneal gonads the spccifie epithet should read prorn- 

""j^obic grp^fti sfter 4B b on blood >gar media U gJ«y- 
white dry and rough. The crumWike colonies cause pitting 
J^lgarMic^opicauy cells may be Mamentou, or 

duenon is sufficieni to produce red fluorescence of me col- 
onies under W light . 

P pwpwmcus is a normal inhabitant of the human oral 
eiVou^u-d canting infection of the 
atus eswsdally in older women (Brazier and Hall 199* 
^^^995). Almough some eye 
aenet are reported, it may be that these are m rart frog 
Eyetsfections may be dfflcult to treat with topical 
antibioooand strain, arc reported : ™gsj«M » genanncm. 
neomycin and sulphonamides (Seal et al. 19B1J. 



P. maocau* was originally described on ^ basUrf ^ CcD 
wan eompodtion as a new corynefbrm from hiur.au slun 
S^1976). It was formerly allocated to th« 
ti^L^i^ (Ktcher »nd Couias 1991) from which .t d» 
feT chiefly in growing well aerobicaUy and m possessing 
ZJZ^l itsKl. It has now been ele^^no- 
typic genus status as P*#i*>ifi'W O 5 * 2 ^ ct aL 

1994). 



Bifidobacterium 




Bifidobacterium spp- arc pleomorphic grai^poawe 
showing true and false branching. They arenon- 
motile and non-*porin 5 . Most T 6 ™,^.^^ 
a^bic; they grow between 30 and 45»Cw.th 0 p b - 
mnm growth at 38°C. The organisms are aadunc. but 
killed by heat at 30 a C in 5 min. They fennent vanou, 
carbohydrates with production of acetic ami lactic 
STSndo 3:2. OO s is not produced. Ghurose 
metabolism is characterUdcally and ewlusrvely by the 
ftuctose^phosphaie shunt There is no prot^ly^ 
activitTrhey do not form wddase, indole or H,S and 
are generally nonpathogenic to man and ammals 
mflZvriui spp Ire normal flora of 
intestine. The O + C content of the PNA is c 60 
mol%. The type spedes is Bifidcbaaenum tydvm- 




The first member of this genus to be recogniied was 
S£ fromSan«- scoob by Tissier (1900). who 
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5gj Propiombacterium, Bmdobacteriuin, Eubacteriiim and nbied <wpnisms_ 



caned it Badlius bifidus, The dassineauon of the 
bifidobacteria has presented difficulties, but most 
workers consider that the bifidobacteria should be 
classed in a genus of their own, as suggested by Orla- 
Jensen (1924). This has been confirmed by phylogen- 
etic studies that have demonstrated that the bifido- 
bacteria are confined to a single deep duster within 
the high G + C gram-positive group (Maidak et aL 
1994). Furthermore, all the bifidobacteria share the 
property peculiar to them among the non-sporing 
gram-positive anerobes of degrading glucose by the 
fructose-&phospbate shunt Species definitions have 
been the subject to extensive revision. Several bdotypes . 
or species were described by Dehnert (1957, 1961). - 
GyUenberg and Carlberg (1958) and Renter (1963, 
1971) recognized and named 8 separate species from 
human sources. However, by means of fiNA homology 
studies, Scardovi and his colleagues (1971) found that 
some of these species were homologous, and they 
reduced the number to 5, whilst adding 4 more. Sub- 
sequent studies have proposed a number of new spec- . 
ies; they are currently 29, 10 of which have been iso- 
lated from humans. Bifidobacteria make up a high 
- proportion of the bacteria in the gut flora of human 
infants and adults.The protective effects of bifido- 
bacteria against enteric infection and cancer are now 
widely appreciated and the inclusion of bifidobacteria 
in. probiodc products is widespread. - 



Bifidobacteria are found in the human mouth, the 
Jower gut of huznans and animals and in sewage; they 
are occasionally isolated from clinical, material. 



A wide variety of ceB morphologies are displayed and 
- even a single strain may appear different under differ- 
. cm cultural conditions,, The classic bifid club-shaped 
profusions are shown by most species under con- 
ditions of nutrient limitation. Otherwise, morpho- 
logies range from the large, curved, irregular-shaped 
■ ceUs of B. bifidum and the palisade arrangement of 
]%fidobaa&ium angulation, to the characteristic star-like 
clusters of Bifidobacterium asteroids. Although it has 
. been suggested that species identification is possible 
by examination of cell morphology (Scardovi 1986), 
this is not recommended without substantial experi- 
ence of die genus. * ■ , 



Biochemically, one of die more striking features of 
bifidobacteria is the formation of acetic acid in 
addition to lactic acid during the fermentation of glu- 
cose. This property, and the failure to form detectable 
gas, separate the bifidobacteria from the heterofer- 
mentative group of lactobaculi (Beerens, Gerard and 
Guillaume 1957). The absence of propionic acid from 
the products of fermentation separates Bifidobacterium 
from PrtypionibactMuvL Glucose is utilized by die 
rructose-6-pbosphate shunt, and detection of fructose- 
6-phosphate pho3phoketolage i s the most reliable test 
&£ assigning an organism to this genus (fox method, 
see Scardovi 1986). Urease production is uncommon 
among human isolates, but ureolytic strains occur in 
all species. One of the animal species, Bifidobacterium 
stds, is most often strongly ureolytic* The catalase reac- 
tion is . usually negative, but some oxygen-tolerant 
strains liberate O a from H s Oa when grown in air + 
I09fr COa. Nitrate reduction cannot be demonstrated 
by the usual tests. Many of the bifidobacteria isolated 
from the human gut are able to hydroiyse cholic acid 
and conjugated bile adds such as sodium glycocholate 
and sodium taurocholate (Drasar and Hill 1974, 
Ferrari, Pacini and Cansi 19B0). 




Studies <t£ cell wall tnurein of bifidobacteria have 
shown that the amino acid composition of the peptide 
side chains can be useful in species identification. 
However, closely related species may have the same 
cross-links* e.g. BifidabadsriuTn hngum and Bifidobacter- 
ium infaniis (Kandler and Lauer 1974). Other chemo- 
taxonoriuc studies, such as the analysis of cellular fatly 
acids' and phosphogtycerides, have not proved useful 
for species identification (Exterkate et aL 1971, Veer- 
kampl971). 

The antigenic structure is complex and most work- 
ers have £bund a fairly high degree of strain specificity 
by agglutination reactions. The antigens taking part in 
these reactions, are heat stable; the results are the same 
whether living or boiled organisms are used for the. 
preparation of antisera. Unlike the lactobaculi, bifi- 
dobacteria do not seem to contain an eatractable pre- 
cipitinogen. 



Most species are strict anaerobes, but a few species, 
isolated from animals or bees, will tolerate. Qg in the 
presence of added COi, growing in 90% air + 10* 

co a . ■ • . : 



Bifidobacteria are uniformly susceptible to benayl- 
peiudllm, the macrolides and lmcosamines, chloram- 
phenicol and vancomycin, but are usually resistant to 
the aminoglycosides! nalidixic add and metronid- 
azole. 
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Study of the DNA comportton reveals a G+C. content 
Sown to form distinct genetic groups, ft • 

^Ta^dip- • -* -g.-s; 

r!T v^di are difficult to distinguish ftom A 
SLSfon^e basis of fermentation , patterns, « 

feftHtif a*e die most closely related 8 P*^ T~^2T 
50% homology with a i«/*m* (Seardovi et * 1971. 

24^?<^lbeae7 lOtft Ufiduat, B. bnoe. ft guttuunf, 



. » I—,-. 'A adohxeentis, B. aUemOatum, B. 
B. <n/Smi». ft ^J*;, ^ B . WurtantlMum) have 

f ,"rtST £ human mouth, faeces or 
bcen ^ les have been found in the intes- 

vavMi " vertebrate animals, including 

"F* ^,?TnSne of the honeybee and 2 species 
unujue to the intestt ^ Species have been 
have been fo ^ " DNA-DNA homology studies 

dEtasonomic m^*^ 0 "- . 




... , ' ■ rfntsrf'bindobacteriaarertfll 

The nutrfrtonal requfr™ **«^ discovery that mOt 
toperf«th- to<wn^ ttC ^ fa>falB> considerable 
■dmulMed *S B"« ' ^ iudy of 'bifida &c- 
attentat has been _p«n have added 

ww' to bl ™ S,^, upard, Hwsafn and Norris 
Utde to our knowledge <Po U P^"' eneml8 to their 
1973). Bifidobact*^re^^ J[ vitamins . ribt> . 
rtquirements vxc growtn ta - comlaoI1 ^ 

flavin and twteAeute "U pyridoaine. thiamine, 
qnirements, but nicotinic ar *v 



Table 24-1. Current species of Zifidobadirlum 



« 0 
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folic add and framtaobeiuofc arid may .also be 

SLnium .alts ss the sole source l^ii 
some species Isolated from animal*- will not grow m 
the absence of organic nitrogen. . ,^t- 

ing or carbohydrate such as gh*- 

sewage. The media contain a caroouyui . 

^ w Hp e n used to improve selectivity, tout no 

showed ^^p"^^ c^cja^E a reliable 
wholesale protein*, using SDS*ao*.» .^f,* , ^ 

both for identification and « * ^J** j£ 

. f^incc data, have been, shown to be 
£fi"3tartli showed specificity :??^^J£ 

Setoeinent of these approaches ^^f^ 
.^dS even wtomated idennflcanon ^ the. fo«- 

seeabte-fiiture.. "" ...,L rt u 'mean do 

not aUoW dlscrinuiiatioa of spedes (Ga*mi ^ 
WfllV^e use of. complex cwbohydrat^ has been 

■ ^ • r from different habitat* 

"tad Renter 1994). .." V; :; 



18 ROIX IN NORMAL FLORA OF 
HUMANS 



j u^*^. are reoortfid CO play »» important regiv 
cancer, not only of "Jf*™,^* These findings 

n ^^^to^d^hr^T^e of bps 

SLt^nS«of the geL and the development and 

"^^"SJS Z£T«: to babies. A 
The spec** moss ofl*n iouna fi ^fe^, A 

»f * ,522*^^ 1957. 1961. 
SftS- StS ^ovi and Moot* 




B- and 2 ^^"^^S^h 

dental caries and periodontal ^^JXeasLs 

U unknown (Moore et al. 1988). B. ^™JT?- 



botfle-fed in&nts-and in the »eces or ■ 
Sunafa. ft Is n^thoge^c^ ^ and^bora^ry 
^ j tt.a ft 4- C content of DJNA is c> w-i ^ Wl ™ 

Qth S S^fde^ baciUu, about 4 ^un long 
^Id Wt&^e^ ^n, they generally 

?bSofte» radiate from . j^tatf - ^^^g 
- Y^iped structure; clubbed forms and forms ending 
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Members of the geaw AHc**Kft which ^^J* ipeoes, 
„cln7»«all*»i murittaiaUy variant «trepioco«4 (NVS). 
^«W^d!lie colonies around other microorgimtana 
affin^leamediaomywh^ 
dnl comp^nua «Kt » eystcrae. Tlwy hare F*^? 
SeST a* satellite « *PM*** TiTEf^S 
^^£n g 3treF xc««xi vitamin B#- or Py^™f^S 
^B^ci ^ MVS. They pn^Jy considered 

rSrtoS vjrianu of other streptococcal special, in P«^- 
SriLT^ sndeoworketi (1985. 1*») danon- 

£££ STthey form 2 distinct cm P^"/^ 
^ X^d '4 d^toW respectively- Sub^uent 

quit* dhtincn from other species In 4e gw« 

Xch led to the prop**! that they be pfc«ato * ""J^J 

iX on iheen blood agar supplemented with 10 mg 1 pyn- 
photegy depend, upon growth condiMM and 
^dSer^pleoinorphic with chain, that OT d»decooa. 

medium (CD^ they^ ^O^COCO 

ib^of variable length. They do 

^a«*aridcsfroa socrwand nay be ea^e^nmbed 

H^S* BTOup of saeptococd by 

and me production, of PT^oUdo^^^f* 
S*t, Grimoit Sid Grlmaat 1989). A wmpieh^va 
. S^rf mX«i*yn«uc activities have been pre-*** by 

^ffi^LlpSon- part of *e resident 

fteS upper respiratory and ^^cJ^W frc« 

^Lrf and Steal tracts, lite ^?«*fl^?^£! 

Iroupof weptocoed they haw been iiol^ n^m v^us 

E iSon. including subacu* 

2JSc«e* and wound infections, and from urine (fcwff 

1991). 



reduction of nitrate. The organwu are **^Jf£ 
by heat but unusually tolerant of add. Lac^aciUi are 
Sdely distributed in fomenting vegetable and antmal 
Zduc™d ha the alimeniary tract of humans and 
LZl, They are rarely pathogenic for humans. The 
S^Sntent of DNA- is 32-63 mol%. The genus 
Sdud" 56 recognized species. The type tpecxx is 




Lactobacillus 



Lactebaciffi pre straight or curved rods of jurying 
and MZnes*. with parallel aides, arranged 
So: in chaim, sometimes fitemeWOU. I « _pteO- 
ntolphic, Without branching, dubbing or tafia &rma- 
ttonTThev are gram positive and notwporing- Colon- 
£ cTagaTS « usually smatt. They have 
cornplex nutritional requtaments. Grovrth is favoured 
by anaerobic or mtcroaeropbuic colons 
cLbon mmdcV. Energy is obtained 
lanon of sugar*: -lucose is fermented, and either lachc 
. SaloneTbc^ add along with other volatile adds 
and carbon dioxide is formed. Most strauu have cell 
£S bound proteinases and pepr^ There fa no 
production of catalase, oridase or indole and no 



The type species of the genus J^™'* 1 * £ ^ 
iZZJl wraTwiBinauy isolated from milk by 
JScSanTa tSPlSll. ***** was observed by 
SHST* 1892 in me vaginal ^n of vgmea 
but the identity of this organism is m <i^(Sharpe 
1S81^ In 1900 Moro cultured a slender gram^osittve 
bS^^Wte from the faece, Of M*d 
baHes. LaetobadlU from cheese were named £ . c«« 
bv Orla-Tensen (1904) and Hrinemann and Hefieran 

aW9) ^ted laotobaciUi from human sahva, ga«nc 
j^. soil and various foods. An organism i^d 
Cm carious teeth and namcd ^f: r t ^Z 

(Mcintosh et al. 1922, 1924) > is f£WJ""Zl? 

iXtemm vmich was described r^Peton (19^). 

Foromer references on early work wita lactobacdh 

see previous editions of mis book. 
The decision W describe a^T^^fSS? 

to in the same chapter follow* P^^fU,^' 

MW3) concept of a duster of 'laenoaod bactena. 

OrS IeSen?primary division was between the homo- 

o^nd and «e heterpfermentativB betabactena ^on 
me other. The streptobacteria will grow at 15»C and 
SLfiTrmobacterl at^C. One 
Gasified as a stfeptobacterlum, i var. 7*««ii««5. 

to UoLttd most common^ in m ^ 1 1 f b 2^^ 
Kandler and Weiss (1986). Snarpe (1981), Hainmes, 
5Sss and Hotaapfel (1991) and Hammes and Vogel 
(1995) offer mc^c4imprehensive desenpnons and 
S S dassmcatioS- The review by Hammes. 
SandHoteapfel (1991) P^^P^^^ 
^cy of the isolation, ecophystotogy. idenb f^X 
SiTpplaridn of lactobacOU. SdnlBnger -nd Lacke 
(198?? V« an account of the lactobacOli present m 

^U^^mrest in lacto^ — 
nWdicine because of the probionc effects of some 
species (see p. 638). 



Lactobacilli are found where rich caAohydrate- 
^^nlsubs^tes are available; they 1-einavar- 
it* of habitats such as on mucosal inembranes of 
hlans^td animal (oral cavity. ^^^^ 
htrfant materials such as silage, and m&ocUwSs and 
^gSiral products, particularly milk, cheese and 
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fermented ntJXk products and* in fermented beverages 
suet a* win* and dder. In some of these products the 
multiplication of tectobadui brings, about desirable 
changes, in other* it causes spoilage. In the body flora 
lactobacffli arc present in moderately large numbers 
in the mouth, gut and vagina but seldom predoininate 
(Salmiuen, Deighton and Gorbach 1993) * Members of 
several specif of lacfobaculi are found at each of 
these sites. In general those most often present in the 
body flora in -the mouth, L. casti, ^ firv^^L- 
breoe and JL acidophilus (Rogos* et al. 1953); in the 
small intestine, L. acidophilus* L.finn*ntuvh L. sahoarw 
and L. rruteri (Molin et al. 1993) and in the vagina, 
■ JL eddophihu, L. fimsntuin, L. casti and.I* cdlobitsus 
(Sharpe 19S1). 



LactobacUU are in general fcurly large non-sporin^p 
gram-posidve rods, but they vary in length and 
breadth and in old cultures tend to be &ram negative. 
A few strains are motile by peritricbous fl&gelfe. Meta- 
chromatic granules are proutiuient in some species, 
notably L. lactis, L. bichmamJi sand L. bulgtmcus* Some 
members form long chains with cells coiled or awsted. 
The thermobacteria are usually large, thick and often 
filamentous. Among the streptobacteria, L. casei Is a 
short square-ended rod. feming chains of varying 
length, ptantarwn varies in length from coccmd to 
short filamentous forms, Twa variants of streptococo 
previously clasained as 'Streptococcus lactif with a tend- 
ehcy to form elongated, cells have been redassffied as 
. u xybsvs and L. hordnicx {Garvie. Farrow and Philips 
1981, Schleifer et al. 1985), 



mm 



All media for the isolation of lactobacUli are complex. 
A widely used nonselective medium, at pH 6.2-6.4, is, 
the MRS medium of de Man* ftogos& aild Sharpe 
(I960). For beiecdye Isolation the acetate meiiium. 
(SL) of Rogosa, Mitchell and Wseman (1951) is the 
medium of choice particularly when prepared ii. the 
manner described by Sharpe (1981) * Tb© presence of 
Tween 80 stimulates the growth, of many lactnbaciUi 
and a high content of acetate at pH 5.4 ia selective for 
them. Sharpe (19fil) recommends additional 1 media 
for the isolation of lactbbacilll from foods ejid bever- 
:.ages because those from specialized environments 
may require more sped&v supplements. \ 

Colonies on agar media are usually small/ 1-3 ram 
in diameter, with entire margins. Sbme species form 
rough colonies. Rogosa and Sharpe (1959) made die 
general observation that colonies oi streptobacteria 
. are smooth, and, those of thfearanobacteria, are rough- 
' Some strains isolated from foodsOuls form dLnc. 



20* ^Metabolism % 

In the hoaiaiermentanve aperies, me strcp^tem and the 
mermobacteria, glucose is broken down to lactic add almost 
«dufivdy by the Easbden-MeycrliDf pathway. The hetero- 
fermentarive aperies, the bcttbacteria, powess the frphos- 
tmofduconaie pathway in which the end products are carbon 
fflnSJ Tacld7ethanol and lactic add (see Kanolcr 
1982) Because carbon dioxide is soluble in water the con- 
ditional Durham tube Is inapplicable and other method* 
such as a shake culrure in MRS agar in a tube with a plain 
aaar overlay as a seal, are required to demonstrate carbon 
tfosSde production. Practically *U of me streptobact^ia and 
betabacteria, but none of the thennobaetena. ferment 

The tertohaeffli are acidophilic and grow best in medium 
at about pH 6, They are aciduric and the final pH in glucose 
broth with some species can be as low as S.5.S*r testu^ the 
lemientaxion of carbohydrates, Rogoaa and Sharpe (1959) 
recommend a medium with an initial pH of 5,5-6.0. Kits in 
which patterns of fermentation are determined against many 
different carbohydrates are often employed for identified* 
(Hammes, WeUs and Hohapfcl 1991). . 

Moat of the lacmbacull will grow in air but grow best in an 
atmosphere lacking oxygen but supplemented with carbon 
moxST(Rogo*a and Sharpe 1959). A few are strict an- 
aerobes. The catalase test is nearly always negatwe and the 
occasional weakly positive reaction can be anrtbuted a a 
. p^eudocataW action because negative beirfUW 
. ate the absence of a cytochrome system (Sharpe Wfl). 
The tanperature at which growth own* vanes with the 
species. TheTmobacteria grow best at S?-40°C; none grows 
atl6?Cand most will grow at 45°C The optimum for strcpto- 
bacteria is about StfC: all grow at 15°C Among the betahac- 
terta L. tow**, L* budwi and L. vmdacea* resemblestrepco- 
baeteria, L. fimei&m resembles thermobacteria, 1~ cutout 
Is variable la this characteristic, 

20,1 . Other nutritional i^uirements 

The nutritional requirement* of ^bacilli arc CPmplexand 
varied but are normally met by media which, m addxftoA » 
fcnucutable carbohydrafie, conrain peptone, meat and yeast 
excract Supplements that an stimulatory, or even esseniaaU 
induce tomato juice, manganese, acetate and oleic aeon 
estera and Tween 80 in particular. Requirements for vitamins 
are scattered throughout the spedes and vitaminKJcpendent 
strains are used for bioa**ays. Thiamine is necessary for the 
growth cf nearly all the heterofcrme^tanve orgwurtns but 
not those that are homoferrocntarive (Ledasma et aL 1977). 
Rgquireinenta for amino acids and pcptioVss seem to be met 
by a combination of cell wall bound prolinases and peptid- 
ues and Baechanisms for active transport across the cell 
membrane (Law and Kolscsd 1963). 




The chief amino acid in the ^pddoglycai* of most spedes 
of fafTf>*«Hni is hw*e» bur, tn some it is diaminopiroclic acid 
and in others ornithine. AJtt of the thermobacteria con- 
sidered here have' Interpepnde badge* of the L4yrinc-o- 
aspartam type. Among the •treptebacteria,. Z. casta has a pep- 
tiaWycan bridge of the vlysliie-r>aspartate type and I. plm 
utrum one of the «s«KliaTOinopimeHc type. Three types ot 
pcptidoglycan are found .in the spedes of betabacteria 
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antibiotics fou: the treatment of these patients has been 
difficult (Bayar et al 1978), ' 




Lactobacilli are members of. the commensal 
microflora of human mucosal membranes m the 
mouth, intestines and vagina, although they usually 
comprise a minor part of the flora (London 1976). In 
the oral cavity lactobaculi usually amount to lew than 
1% of the microflora although their proportion 
increases in inoWtiala . with a frequent intake of 
sugar. Studies of" the intestinal lactabacillui flora of 
piglets have demonstrated a .rapid turnover of clones 
(TanriocK, Fuller and Pedersen 1990). 



E>ue to production of bacteriocins and to their ad- 
dogenic potential, which reduces the pH in the local 
environments, lactobadlH play an important role m 
iphibiring the establishment of potential pathogens on 
mucosal surfaces (Roach and Tannock 1979, Hentjes 
19S3) Although the probionc effect of lactobacilli is 
an old concept described by Metchnikoff in 1901 (see 
review by Bibel 1S88), there is considerable renewed 
interest in this topic. Recent studies have demon- 
strated that lactobacilli administered orally to patents 
with viral and bacterial intestinal infections augment 
mucosal immune responses and promote recovery 
(Kaila et aL 1992, Perdigon et al. 1995). Furthermore, 
it has been demonstrated in a rat model that lactobac 
ilU increase the barrier functions of the gut mucosa 
(Isolauri etaL 1993)/. 
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described here: (1) L-lysine-D-aspartate in L brnns and L. 
foaJmeri; (2) ijomithine-D^aspamte In Z> //rtn^mnn and I- 
eMofui; and (3) irlysine^alamne-i,*erine in L. vindescens 
(Schleifer and Handler 1972). 

Many lactobacLUi share an antigen present in the cell 
membrane (Sharpe et al. 197Sa). This corresponds to the 1- 
3 Unked glycerol phosphate units of the membrane grycerol- 
teicboic aHrt This antigen is distinct ftum the group and* 
gens described by Sharpe (1955), which she Identified by 
precipitation reactions between hat-acid extracts and and* 
sera. The chemical composition of there antigens was 
reviewed by Knox and Wicken (1976) and is shown in Table 
26.4. It will be noted that the JL casri attains, except those 
of subspecies rhamnosus, may possess one of 2 group anti- 
gens, and that the group £ antigen occurs id members of 4 
species, 2 of them thermobacteria and £ h&tabacteria. 




The Iactobacilli have no particular resistance to heat and are 
destroyed by exposure to 60* or 65° for 30 min_ They are, 
however, specially resistant to acid and arc able to grow in 
concentrations of add that are lata! to most other bacteria. 
The tolerance to bile varies and has been used to distinguish 
between species (Sharpe 1981). - 

Lactobacilli of several species can be resistant to many anti- 
biotics including vanc omy cin^ the peptide antibiotics, the 
itmcroHdei, tetracycline and the ammoglyeoiides. In these 
strains loss of plasmids was rouatty accompanied by a change 
to sensitivity with several antibiotics (Vcscovo, Morclti and 
Bottom 1983). 

J **+n*«fftH are refractory to n*aittfonnation and transduc- 
tion^ but the transmission of die plasmid that determines the 
ability of X. easri to ferment lactose does occur naturally. 



- Orlajensen (1919, 1943). whose monographs have 
influenced all subsequent workers, laid particular 
stress on fermentative ability and the type of lactic acid 
produced from glucose In his classification of lacto- 
baolli. His 3 primary divisions of the lactobaculi into 
thexmobacteria, streptobacteria and betabacteria were 
followed for many years* though not his proposal to 
consider them as separate genera. However, recent 
comparative studies of 16S rRNA sequences revealed 
.that the 3 groups Izck phylogcnetic foundation. Fur- 



thermore, such studies indicate that IactobacUli are 
phylogenetically mtermixed with members of the gen- 
era Leuccnostoc and Pyococcus despite differences in 
morphology and fermentation patterns (for review sec 
Schleifcr and Ludwig 1995), Three phylogenedc 
groups are evident although the first 2 may be difficult 
to distinguish: 

1 Obligate Jumqfernumters> This group includes the 
type species JL delbruediii and other obligatory 
homofermentatrve Iactobacilli including L. acido- 
philus. 

2 Facultative hgtorofermentas* This group comprises 
more than SO Lactobacillus species including L. 
fhamntsus, L. intts&ncMs, and I* sake most of which 
are facultatively heterofermentalive. In addition to 
the lactobaolli the group includes 5 fedioeoccus 
species, 

S Obligate heteroftrmenters which are closely related to 
the leuconostocs. 

These sequence studies also revealed that several taxa 
were erroneously placed in the genus JLactobaallus, As 
a result some were transferred to the genus Clostridium 
and 2 recently described anaerobic species *L. ulf and 
'L. rimnJ isolated from human gingival crevices 
(Olsen et al, 1991) were transferred to the new genus 
AtopoUum (Collins and Wallbanks 1992), 

Hammes and Vbgel (1995) have proposed a group- 
ing baaed on a combination of phylogenetic data, and 
biochemical and physiological characteristics of the 
species. They provide details about cell wall compo- 
sition and. identification criteria. It is remarkable that 
for an unequivocal identification of a laacbadlhis iso- 
late it is not always sufficient to use the rlassi c al physio- 
logical and biochemical tests. A review by Pot et aL 
(1994) provides a discussion of methods for identifi- 
cation of Iactobacilli mduding.a critical evaluation of 
their limitations. - 



The relationship of lactobaolli to dental caries has 
been ^viewed (Hardic and Bowden 1974). Lactobac- 
illi are occasionally isolated from bacteraemlc patients 
(Sharpe, Hill and Lapage. 1973b) » The selection of 



Table Z$A Group antigens of Iactobacilli 




L «4 Knox and W^feert (1976), 



